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ABSTRACT

The wide use of polymeric materials requires a greater understanding of their characteristics. These materials have attractive combination of properties, it can replace with lower cost and greater efficiency metallic component. One of the many examples in which the using of polymer is of prime importance is in Industrial applications. For instance, bipolar plates, for polymer electrolyte fuel cell, in automobile applications. Such composites combine low cost, reasonable conductivity and good mechanical strength. One of the most promising applications of such kind of composite is in fuel cells. In this work, epoxy/graphite composite reinforced with fiber carbon and short fiber carbon was investigated. The goal of the present paper is to relate the macroscopic mechanical properties and electrical conductivity of graphite/epoxy composites filled with the weight percentages of graphite powder and reinforced with carbon fiber. The tests have demonstrated that graphite powder addition modify the mechanical and electrical behavior. 
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INTRODUCTION
Intrinsically (or inherently) conducting polymers (ICPs) are organic polymers that conduct electricity (1)(2). Conductive polymers are generally not plastics, i.e., they are not thermoformable. But, like insulating polymers, they are organic materials. They can offer high electrical conductivity but do not show mechanical properties as other commercially used polymers do. 

An interesting alternative to the ICPs may be   the addition of conductive filler into non conducting polymers.  Such composites combine low cost, reasonable conductivity, processability and good mechanical strength. One of the most promising applications of such kind of composite is in fuel cells (3).   

From an economic and technical point of view flexible graphite is found to be one of the best candidates for the use as bipolar plate material for polymer electrolyte fuel cells. The bipolar plate cost is a considerable part of the cost of a polymer electrolyte fuel cell stack. Especially for automobile applications, it is necessary to strongly reduce this cost. Nevertheless, the application of polymer electrolyte fuel cell (PEMFC), to the electrical vehicles is still restricted by high material cost and complicated manufacturing process. A combination of a minimum mechanical strength with a reasonable conductivity is a basic requirement. Generally, carbon nanotubes or carbon blacks are added to the matrix. 

The goal is to study the effect of adding graphite powder and carbon fiber in the epoxy matrix, analyzing both the mechanical behavior and electrical properties. 
EXPERIMENTAL PROCEDURES

Material
In this study, one type of epoxy resins was selected as the polymer matrix. Commercial powder graphite and carbon fiber were chosen as the conductive fillers. Powder graphite was incorporated into this resin to increase electrical conductivity. The composites were manufactured in the Laboratory of Pipeline Testing (LED-LMTA) at the Universidade Federal Fluminense (UFF). We used two kind of carbon fiber: Unidirectional and bidirectional - 0°/90˚ fibers. The graphite powder was provided by Sigma Company with an average particle size of 140 Mesh (0.105 mm). This graphite powder was added to the epoxy resin and manually mixed, seeking obtain homogeneity of particle distribution. Such commercial graphite powder was used to obtain low cost semiconductor behavior. 
Procedures
The procedure to manufacture graphite/epoxy composites consists in mixing the graphite powder and the base resin, which consists in a diglycidyl ether bisphenol A, with a spatula for approximate 15 minutes, in order to obtain 5, 10, 15, 30, 50, 55 and 60 wt.% of graphite in the composite. After homogenization, the aliphatic amina hardener was added to start the polymerization process. Then, the produced composite is poured into the mold.  For to prepare the higher fraction of graphite composite, such as 50, 55 and 60 wt%, it was added also acetone for to facilitate the mixture dissolution (4). For the composite with carbon fiber, graphite/resin epoxy mixed was interspersed with two, three or four carbon fiber layers between them. The tensile specimens were prepared according to ASTM D 638. 
Mechanical Testing

Tensile tests were performed at the graphite/epoxy composites, following the recommendations of ASTM D 638 Standard. A prescribed stroke speed of 5mm/min was adopted. These tests were conducted until the specimen fracture using a servo-electric test Universal machine, Shimadzu-100kN.  Five specimens were tested for each fraction of powder graphite. The procedure adopted as a criterion for determining the Proportional limit establish, as Proportional limit the value of stress to corresponded to the point where a straight line cuts the abscissa axis at 0.02% strain, tangent to stress-strain curves.  
Conductivity Test

The through-plane electrical conductivity of the composite is more important for the application of these materials as bipolar plates in PEMFC (5), (6).
 The through-plane conductivity of the composite was measured by using a fixture design whereby the specimen was kept under pressure in the measurement setup, the apparatus composed, first more externally, two acrylic plates, between these, two rubber layers and then two layers of conductive metal, in this case we used Aluminum, finally the specimen is insert between these aluminum plates. The specimens’ area dimensions are equal to about 75.0x45.0 mm and the thickness varies from 1.0mm until 4.0mm (depending on the number of carbon fiber layers). Before the tests, both sample’s surface were painted using graphite ink or silver ink to homogenize the surface and have more precision on the conductibility results.

The conductivity tests was performed at Signal Processing Laboratory (LTS/COPPE), at Universidade Federal do Rio de Janeiro (UFRJ), using a The Agilent 34401A digital multimeter. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Tensile Tests

The experimental curves stress-strain for different graphite fractions are shown in Fig. (1) and Fig. (2). At Tab. (1) is presented the average elastic modulus, the proportional limit, the ultimate tensile strength and the tensile fracture strength.

Comparing the tensile tests response, it can be seen, that there was a performance variation with the powder graphite addictions, the fracture strength was reduced and the ductility too, but there was a small increase in the elastic modulus.  It can observe that between 5, 10 and 15 wt.% of graphite fraction, the mechanical properties variation is smaller, it means, the mechanical tests results showed that the graphite addition decrease the strength limit, but the difference behavior between the composites with the graphite fraction are smaller, however there are a small increase in the stiffness until 1% of strain.  The results show also with the graphite added a reduction of the material stiffness occurs when the strain exceeds a value of approximately 1%, Fig.1.
Thus, ultimate Tensile Strength decreases considerably with graphite addition increase and the Elastic Modulus increased, it was around 20% with 5% of graphite. But with the Carbon Fiber addition there were an important improvement in all properties, mainly Tensile Strength as shown in Fig. (2) and Tab. (1).
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Figure 1: Tensile stress-strain curves for 0, 5, 10, 15, 30 and 50%. of graphite.
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Figure 2: Tensile stress-strain curves for, 30 and 50% of graphite with and without Carbon Fiber (CF).
It was adopted as a criterion for determining the Proportional limit, the procedure in which establish as Proportional limit the value of stress to corresponded to the point where a straight line cuts the abscissa axis  at 0.02% strain, tangent to stress-strain curves.  
Table 1. Experimental results to composite tensile properties.

	Graphite (wt.%) 
	Elastic Modulus(GPa)
	Proportional limit (MPa)
	Ultimate Tensile Strength (MPa)
	Tensile Fracture Strength (MPa)

	0
	1.6 (0.3
	3.0 (1.0
	61.6(1.9
	59.3(1.2

	5
	2.0 (0.2
	3.5 (0.8
	44.5(1.1
	44.5(1.1

	10
	2.2 (0.3
	5.5 ( 0.5
	39.2(1.2
	39.2 (1.2

	15
	2.2 (0.2
	4.5 (0.5
	31.5(0.9
	31.5 (0.9

	30
	4.2 (0.2
	7.1 (0.3
	24.3(0.8
	24.3(0.8

	50
	5.6 (0.2
	6.8 (0.4
	20.2(1.5
	20.2(1.5

	30+CF
	7.7 (0.6
	14.0 (1.8
	108.0(15.0
	108.0(15.0

	50+CF
	7.8 (0.5
	18.0 (2.0
	96.0(10.0
	96.0(10.0


Conductivity Test

The electrical conductivity tests results, for different graphite fractions, are presented in Tab. (2). It can be observed that the conductivity increases with the graphite fraction, very fast after of about 50% of graphite and carbon fiber addition, modifying the conductivity of the resin. The Fig (3) shows the Log Conductivity versus % graphite graphic, from 0% until 60% of graphite plus carbon fiber. It was observed that electrical behavior is not linear, but will increase faster in high graphite fraction addition.
Table 2. Electrical Conductivity, experimental results.
	Graphite (wt.%)
	Conductivity (S/cm)

	0
	<1.3x10-13

	5
	<1.3x10-13

	10
	<1.3x10-13

	15
	1.5x10-10

	30
	3.7x10-9

	30 + Unidirectional carbon fiber (4 layers)
	4.8x10-4

	50
	2.9x10-4

	50 + bidirectional carbon fiber (2layers)
	1.5 x10-2

	55+ bidirectional carbon fiber (2 layers)
	2.0 x10-2

	60 + bidirectional carbon fiber (3 layers)
	7.5 x10-2
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Figure 3: Log Conductivity versus % graphite curves, with and without Carbon Fiber (CF).
CONCLUSION

The mechanical and electrical properties of a composite, with different graphite powder fraction (0, 5, 10, 15, 30, 50, 60 wt.%) and carbon fiber addition have been investigated.  The study has demonstrated that reasonably small quantity addition of graphite powder can modify the mechanical and electrical behavior of the polymer matrix. A challenge is that the mechanical strength of the epoxy matrix strongly decreases with the initial addiction of graphite, but with the addition of carbon fiber this problem can be solved. The conductivity had increased firstly very slowly, then from 50wt% it was very fast mainly with the addition of carbon fiber, we had the best conductivity results. 
 From this study, it is achieve a semiconductor behavior for a graphite weight fraction around 50 wt.% and the results were better with carbon fiber included reaching around 10-2 Siemens/cm that is enough for bipolar cell application, since it is necessary at last a conductivity around 10-2 Siemens/cm. 
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